
Hundreds Can Be Built
Without Drawing on

Men, Material or the
Engines Needed for
Regular Programme
By Theodore M. Knappen

IT TAKES an idea a long time
to pain momentum.
A Frenchman built a con¬

crete rowboat in 1849. It is still
in use.

Hundreds of concrete vessels of
various kinds have been built in re¬

cent years. But the engineering and
marine worlds have not yet made up
their minds whether concrete ships
are feasible.

Late in December the United
States Shipping Board established a

department of concrete ship con¬

struction and began to feel its way.
It is still feeling. The inertia of
the conservatism to be overcome is
tremendous. The engineers are cal¬
culating and conjecturing, and pro¬
visional contracts have actually been
let to three companies, the general
provision being that if the first ship
is successful the companies will be
authorized to proceed with consider¬
able numbers.

Outcome Depends
On More Shipping
But the building of these first ex¬

perimental ships will take a long
time, and when they are done and
proved and accepted it will take a

long time thereafter to get ready for
large scale and rapid production.

Then, when the word is given to
go ahead, the war may be lost.
War is a gamble. We.we Ameri¬

cans alone.are gambling at the rate
of about twenty billions of dollars a

year that we are going to lick the
Germans. The outcome of the gamble
depends more on shipping than any
other material factor. The food,
munitions, supplies, airplanes, artil¬
lery and soldiers that are to win the
war, if it is to be won, are on the
American side of the Atlantic. Only
ships in abundance and in a hurry
will get them across before it be too
late to fight or win the war in
Europe. After that it will be fought
on the high seas and on our own

land. Therefore the need of ships is
supreme.
At present, ordinary causes and

German submarines and mines are

sinking ships faster than they are

building. The most carefully com¬

piled figures on this subject show!
that since the beginning of the war

the Allied and neutral losses from
German attack have been more than
10,300,000 tons. In the same period
the losses from ordinary causes have
been 1,600,000 tons. During the
dame time the world, outside of the
Teutonic countries, has buijt 6,600,-1
Ö00 tons. It has expropriated 875,-
000 tons of Teutonic shipping. Its
net loss, therefore, is not far from;
4,500,000 tons. Even with all the
shipbuilding that is now in progress
the submarines are getting away
with somewhat more than is being
built.

U. S. Entrance
Requires 5,000,000 Tons
Assume that the destruction and

construction are even, and you still
have that deficit of 4,500,000 tons in
the pre-war supply of shipping, and
the additional fact that the entrance
of America into the war has created
an extra demand for at least 5,000,-
000 tons. Remember, too, that owing
to the deterioration of vessels from
infrequency of repairs, the slowness
of repairing and the retardation of
speed and general lowering of effi¬
ciency due to the conditions imposed
by the submarine danger, ships are

doing less service than in peace
times. Considering all the factors,
it is not too much to say that the
world ought to have 18,000,000 tons
of new ships this year to provide
that abundance of transportation
that will insure the defeat of Ger¬
many.

Recent development? show that
war-weary England cannot be relied
upon for more than one-ninth of that
figure. Practically all the rest must
come from the United States.
Will Build Four
Million Tons This Year
Our prosent líJlS programme calls

for 6,000,000 tons dead weight. We
built last year about 1,600,000 tons
dead weight. The present prospect
is that we shall build between 2,000,-
0C0 and 4,000,000 tona this year,
with still a slight hope of the 6,000,-
000. But the loss figures are given
in registered tonnage. Even if we
complete our 6,000,000 we »hall only
make a 4,000,000 inroad into the 18,-
000,000, on a gross tonnage basis.
The absoluto limit of wood and

steel tonnage production is being at¬
tained.
Remain» only concrete as a hope

for still more »hip«.
There ¡8 no immédiat/- hopo in con¬

crete except by taking a great
gamble.
The hazard will consist In start¬

ing NOW to build ri.tt immense num¬

ber oí ship« a» an admittedly audu-
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A concrete ship righting itself in the

water after being launched

cious venture instead of waiting
weary months for four or five trial
ships.

It is conceivable that this country
can build 500 five-thousand ton con¬
crete ships in about twice the time
that a few pioneers will require.
They would cost, exclusive of ma¬

chinery and fittings, about $400,000,-
000.say about $500,000,000 all told.
The Shipping Board, mindful of

the relative failure of the wooden
ship pi-ogramme; mindful of Con¬
gress; mindful of public opinion and
technical conservatism, dare not
take the responsibility of this mag¬
nificent gamble.a win-the-war
gamble. It has taken the initiative.
It has discovered that the chances
strongly favor the complete success
of the concrete ships. The country
and Congress must take the grand
responsibility for a large "ante" on

this $500,000,000 if they want to feel
that they have done everything
within their power to bridge the At-
lantic, to answer the appeal of Gen-
eral Foch:

Need to Hurry
Is Imperative
"Hurry! Hurry! Hurry! Do

not waste even half a minute!"
What is even half a billion if it is

to determine the issue of the war or

whether the issue is to be fought out
in America instead of Europe?
Hurry, or there may be no place for
us to land troops in Europe ! It may
be all German!

Inquiries at the offices of the
Emergency Fleet Corporation give
the gratifying information that even

with all the strain that has been put
on them the boiler and engine manu¬

facturers of America can "come
through" this year with power for
the propulsion of the five hundred
concrete ships.
Cement men and workers in con¬

crete say these ships can be built.
Next year, if there still be time for
shipbuilding, we might turn out two
thousand concrete ships. If these
were of 5,000 tons each, instead of

Scotch Engineer
Says Small Boats

Give Good Results
By Bernard J. Ives

(In a recent issue of The Glasgow
Herald. Mr. Ives is a leading
marine engineer of Scotland.)
The economic conditions brought

about by the war have caused atten¬

tion to be drawn to the possibilities
of ferro concrete for ship construc¬

tion. It is therefore not surprising
that developments were made early in
the war in Scandinavia, where a com¬

paratively small amount of steel is
produced. The firm of Messrs. Foug-
ner, of Moss, were early in the field,
and they have constructed many barges
up to 250 tons dead weight, which
have been in service for over a year.
At the moment several vessels of 1,000
tons are in the course of construction
in Norway. One motor vessel, the
Namsenfjords, fitted with a Bolinder
engine of R0 b. h. p. and capable of
carrying 200 tons, has been 'tried under
seagoing conditions, with, it is under¬
stood, satisfactory results. The speed
developed is about seven and a half
knots.
As the ferro concrete is only in it«

experimental stage, and as practically
no experience has been obtained «¡o

far from actual seagoing conditions,
a wise precaution at the present time
i:i to eliminate any doubtful factors,
and the steel 'therefore should be of
the quality used in ordinary shipbuild¬
ing work.
Upkeep of hull due to wear is con¬

siderably lens, while the life of f( rro

concrete ships is likely to be much
longer than that of steel ship«, tho
concrete not reaching il» maximum
Strength until many months after
launching.
Then it is possible to build the ships

v-ry quickly onco an establishment is
arranged and equipped, and fire-re«

I mating pnd insulation properties are

the 3,500 tons the Fleet Corporation
now favors for the first ventures,
there would be in two years 12,500,-
000 tons of concrete ships alone.

All of this can be done by utilizing
labor that is but little used in build¬
ing steel and wooden ships by using
only a limited amount of the kind of
material used in such ships and by
calling on a great industry that has
not yet been strained by war de¬
mands.the cement industry. Final¬
ly, it would not draw skilled men

from other war work. The present
supply of workers skilled in concrete
and an army of unskilled men would
do the job.

If a S50,000,000 gamble or a

$250,000,000 or a $500,000,000 gam¬
ble is too quixotic, a much less ex¬

pensive chance can be taken which
will still save many months. It is
calculated that owing to the small
amount of equipment required in a

yard designed to build concrete ships
the need of less storage and ware¬

house space, etc., such yards can be
built and completely equipped for
$20,000 a way. Thus a ten-way yard
would cost $200,000.
Yards can be built with a large

capacity while the experimental
ships are building. If the latter are

satisfactory many months' time will

good, whiles-insect life (a constant,
source of wcrîry in wooden vessels) is
eliminated.
The great disadvantage is the large

additional light weight of the vessel,
in comparison with that of a steel ship
of the same size.

It is in vessels of moderate size, say!
up to a maximum of 250 feet in length
and 2,000 tons dead weight, that ferro
concrete will be found to he a suitable
material, the reason for this being that
in large steel vessels the amount of
steel used in the construction has
been reduced to the minimum which
recognized authorities consider con-

sistent with a safe working stress on
the material.
There is, therefore, little proba-

bility that in vessels much above the
size indicated ferro concrete will be
employed.
-.,-Naval Architect

Approves Building
9,000-Ton Vessels
By Morgan Barney,

Naval architect, v-Jio has desif/ned <;.

U.OOO-iow concrete ship.
When my attention was first called to

the possibility of building concrete
ships, over a year ago, I made a few
calculations, based on a limited knowl¬
edge of concrete structures, and
promptly dismissed the plan. Later the
ouestion came up again in a way that
could not bo evaded, und with the as¬

sistance nnd cooperation of some very
able American engineers and builders
who were specialists in concrete and
steel construction we began work on
the design of a 9,000-ton steel and con-
crete ship suitable for transatlantic
service.
The calculations of stresses and

strains were carried out with the
greatest care, and at each step they
were compared with those of a steel
ship of similar dimensions, until in
the end each member of our ship was
as well able to bear its proportionate
load as a steel vessel, and the concrete
shell itself was given a local strengtheo.ua! to twice that of a shell platingwhich it replaced. The queutions of ex-
panslon due to temperature change«,flexibility, wutortightnoBB, protectiondi the reinforcing »teol, the propor-

be saved thereby. Yards with one !
hundred ways, say, could be built for
only $2,000,000.plus the cost of the
sites. As soon as the experiments
are concluded work could then be
started on a hundred ships, and from
these ways 200 ships could be
launched within twelve months.

While there seems to be no reason

why, after yards have had some ex¬

perience, concrete ships cannot be
launched within thirty days, it will
probably take about six months to
construct the experimental ships.
Then it will take three to six months
more to build large yards for quan¬
tity production. By starting now

the yards will be completed before
the first ships. In the event of con¬
crete construction for large boats be¬
ing ascertained to be a failure the
yards would be available for adapta¬
tion to the building of wood or steel
ships. While the yards were build¬
ing other preliminary arrangements,
such as planning for supplies of ma¬

terials, laborers, transportation,
housing, etc., could be made. Prob¬
ably $10,000,000 at the outside would
have everything ready for 100 ways
to begin on ships.

Again, long before the yards
would be done, or the experimental

tions of the mixture and many other
technical details and methods of con¬
struction were carefullv studied. These
plans have now received the final ap¬
proval of the Engineering Fleet Cor¬
poration.

I have also prepared plan? for ferro¬
concrete barges, suitable for the Xew
York Stale Barge Canal and other in¬
land waterways, but the problems pre¬
sented in this type of vessel are rela¬
tively simple.
There appears to be a loss of from

5 to 10 per cent in cargo carrying
capacity, but this is offset by other
advantages .perhaps the most convinc¬
ing being that the war has created a

situation where we must have concrete
ships or nothing.
The available steel and wood ship¬

building capacity of this country has
been readied and passed, but the re¬
sources that can be turned to the
building of concrete ships are as yetuntouched.
The cement, sand »id crushed stone

are unlimited. The iteel required is
of a character that is not used in steel
ships, and the same is true of labor.
Special shipbuilding machinery is not
required.

Statistics show thnt in our cities new
building construction has fallen to
about 40 per cent of normal, and this
situation can be taken advantage of by
building concrete ships of ocean-going
tonnage, oil tank steamers and also
barges for our unused inland water¬
ways to carry bulk freight that our
railroads are unsuccessfully attempting
to handle with their inadequate equip¬
ment and limited terminals.
The demand for ships is so great that

ships that are now being started un- |
der contract with the Shipping
Board, the 4,500-ton concrete ship
that the San Francisco Shipbuilding
Company expects to launch at Red-
wood City, San Francisco Bay, next
Thursday, will have been proved a

success or a failure. In the former
event the proposed concrete ship¬
yards could be rushed to completion,
contracts could be let for hundreds
of boats of the new type and but
little time would be lost.
So far as engineers can foresee,

there is nothing to preclude the suc¬
cess of the concrete ship. The situ¬
ation is that, while hundreds of con¬
crete barges and other small vessels
have been successful, no large ship
of concrete has ever been completed
and tried out. The technical side of
concrete ship construction has been
worked out in the greatest detail. In
fact, it was not until that had been
clone that the Shipping Board cre¬
ated a division of concrete construc¬
tion, began to draft plans for a
standard 3,500-ton boat, and even
committed itself to provisional con-

tracts^in which it stands a part of
the expense of the experimental
beats in the event of their failure.
Except for the element of size, there
is already a large amount of empiri-

it cannot be met under existing condi-1
tions, but the use of concrete will give
us many more ships and a greatly in-
creased rate of production without in:
any way interfering with the ship-
building programme already under way.To be effective this work must be un-
dcrtaken at once.
-.-

Shipbuilder Says
No Limit Can Be

Put on Dimensions
By Nie. K. Tongner

(Foremost builder of concrete ships,
who has come to America to build
them here.)
Concrete ships can be built with ma-

terials and labor that at the present
time are not required in other ship-
building. In other words, by building
concrete ships we add tonnage with-
out depriving the steel shipbuilding
yards of their skilled mechanics, with-
out depriving them of the structural
steel manufactured in the shops for
building steel ships, without depriving
the wood ship builders of the heavy
lumber required for building wood
i,hips, without making use of the

I skilled ship carpenters necessary for
the wood shin construction.

Concrete ships are built with mate-

cal data relating to concrete vessels.
After the Frenchman, Lambot,

built his rowboat nobody attempted
to apply concrete to navigation until
1887, when eleven-ton concrete
barges, and, a little later, fifty-five-
ton barges were built for canals in
Holland. In 1897 a concrete pontoon
was built in Italy. In the same coun¬

try successful barges of 150 toi.o
were built in 1905. In 1910 a con-

crete barge that has been entirely
satisfactory was built for the Wei¬
land Canal in Canada. In the same

year a 525-ton scow was built in San
Francisco and large scows,at Pan¬
ama. In the same year, also, and
later, concrete barges were built for
port use at Babia, Brazil. In 1911
they began to build scows for use on

Chesapeake Bay. In the following
year a 500-ton scow was put into
service at Baltimore. In 1911 a con¬

crete sailboat was built at Dresden,
Germany. A 100-ton concrete scow

was put in service on the Manches-
ter Ship Canal, in England, in
1912. A 500-ton scow was built
at Fairiield, Md., in 1913. Nu-
merous lighters, scows and barges
were completed in the next five
years. A 400-ton motor boat, using
Diesel engines, was completed by
Foughner's Steel Concrete Shipbuild-

rials that otherwise would practically I
not be used for war work at all.
The principal materials needed are

Portland cement, sand, gravel and steel
reinforcement of the ordinary type used
for building purposes. Common, un-
skilled labor can be employed for the
greater part of the construction.

All things being equal, concrete ships
can be constructed in about half the
time that is required for building steel
or wooden ships.

It is my personal opinion from the
experience I have gained through build¬
ing some twenty-odd vessels of con¬
crete in Norway of different sizes and
types that seagoing concrete ships can
be built successfully of sizes rangingbetween 3,000 and 4,000 tons, which is
large enough for transporting muni¬
tions, supplies, troops, etc., to France.

NTo one at the present time ean ótate
with any certainty what limitations in
size there may be for concrete ships.This new type of shipbuilding must
naturally be developed gradually, justlike the steel ships have been, and it
would be folly for any one to assert
at present that concrete ships cannot
be built as large as ships of other ma-
terials.
-

Difficulties Will
Be Defeated by

Modern Science
By Professor George Owen

(Naval Architecture Department,
Massachusetts Institute of Tech¬
nology.)
BOSTON, Mass., March 9..The stud'

of concreto ships ;.; ene oí ;.:o tiiu.,r,
complicated problems that have come
before the engineer. Practically every¬
thing that we have learned about ship¬
building has come from experience. In
the construction of steel ships we have
tried certain lengths and widths and
found» them successful, and then have
added length and width in making
larger craft. In bridge constructionthe engineer knows the exact weightthe structure will stand nnd what
weight It will have to stand to fulfil
requirements. The engineer works
with tried and proven problems.The naval engineer, however, in tnak-
ing plans for ships encounters problems that have never been solved. H<
can only go ahead and enlarge on this
or that design. Such problems entei
into the building of concrete ships. At
soon as the first one can bo luunchoi
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itself, but before the water is

ing Company of Moss, Norway, last
year, and proved successful after
severe ocean trials.
The same company has completed,

or is about to complete, a 3,000-ton
oceangoing ship, and is now offering
to contract for 3,000 and 4,000-ton
ships. Concrete barges are building
in France by the hundreds. Concrete
yachts have been built in Massachu¬
setts and at Chicago. British naval
architects are reported to be offering
to build and guarantee concrete
ships. A 200-ton motor lighter was

put into service by the Porsgrund
Cement Casting Works, Porsgrund,
Norway, last summer, and a nine-
foot model of this boat was turned
over to the United States Bureau of
Standards for study.the study that
led the Emergency Fleet Corporation
to create its concrete shipbuilding
division. A 300-ton ship is almost
ready at Montreal for lake service.
Finally, there are the 700-ton barges
built and building by the Louis L.
Brown Company, Inc., of New York,
and the 4,500-ton ship on San Fran¬
cisco Bay mentioned above.

Test Still Needed
On Ocean Conditions
From an examination of all the

data relating to the concrete vessels
in service, it appears that practice
has long since demonstrated their
suitability for protected waters in al¬
most any size and for ocean-going in
small size. There remains only the
testing of large self-propelled ships
under ocean-going conditions. The
San Francisco ship will soon supply
the missing link.
The Shipping Board is in no way

responsible for the last named ship,
but is prepared to reimburse the
owners for her injury or destruction
in submitting to such tests as it may
suggest, and has watched her prog-
ress with the greatest interest. It
has given provisional contracts to
the Liberty Shipbuilding Company,
of Boston; the Foughner American
Steel Concrete Shipbuilding Com-
pany, of New York, and the Ferro-

the rapid construction of others will be
a simple matter. The problem lies in
getting started. We must find out
whether here or there the hull must be
thicker or thinner, and this can be de¬
termined successfully only when the
first ship is in the water.

Personally I am enthusiastic about
the possibilities of the future for the
concrete vessel. At the present time
there is practically little known about
the most efficient method of construct¬
ing the hulls of ships so that they will
resist the many complications of
stress.
My reason for feeling so optimistic

is based upon what already has been
obtained through the evolution of the
wooden ship, approximately for the last
4.000 years, and of the iron and steel
ship for the past sixty years, com¬
bined with the engineering knowledgeof the tensile, compressive and diago¬
nal shearing strength of reinforced
concrete.
Although the concrete vessel prob¬ably will never replace the steel ship,

yet for certain services and under cer¬
tain conditions she may prove more
economical and durable.

I believe that the difficulties which
will arise as we go ahead with the con¬
struction of concrete ships will be
solved readil-v, and without very much
delay we will be able to turn them out
rapidly. As soon as the first ship is
launched hundreds of others can be
turned out easily and without drainingheavily upon skilled labor that is now
practically out of the market. Con¬
crete ships will require a very small
number of machinists or skilled crafts¬
men, as most of the work will be done
by unskilled mechanics.

No Reason Known
Why Concrete Ship
Should Not Succeed

A. G. Monks, of the firm of Monks
& Johnson, structural engineers, of
Boston, who are consulting engineersfor the Liber:y Shipbuilding Companyand for the Squantum plant of theFore River Shipbuilding Companyvsays of the concrete ship:"From the technical point of viewof a structural engineer there is no
reason why the concrete oeean-goin|>ship should not bo a success. The onlyreason why one cannot predict successwith absolute confidence is that largoconcrete structures have never beensubjected in actual practice to all thestrains and stresses and peculiar com¬binations thereof that a ship must en¬dure."

Risk Involved in Going
Ahead Without Ex*
périment Beyond Ship
Board's Power.De¬
lay May Be Fatal

Concrete Shipbuilding Company 0f
New York. The contract with th»
first named company is for a trial
boat of 3,500 tons, the risk bein?
taken by the company and the gov.
ernment on a 50-50 basis. If this
first boat be successful, the company
is to have a contract for forfy-nine
more, which will likely be of 7,500
tons. The experimental ship j8
building at Brunswick, Ga. The San
Francisco Shipbuilding Company
which is completing the above men!
ticned 4,500-ton vessel on its own ac-
count, is to be awarded a contract
for a 7,500-ton boat. The Foughner
company has a provisional contract
with Norwegian shipping interests
for six 8,000-ton boats. The Ferro¬
concrete Company is building a
3,500-ton boat at Redondo Beach
near Los Angeles. Each company
has a method of its own, but all ugj
ferro-concrete.
The concrete boat, assuming that

it is a success, has some disadvant-
ages and some advantages as com-
pared with steel ships. The chief
disadvantage is that, on account of
the thickness of its walls, a ship of
a given size will have less cargo
space than a like one of steel. On
the other hand, it will not be so
heavy. It will have a smoother sun

face, and will therefore not offer
so much resistance to the water.

Can Be Built

Quicker Than Steel Boats
It is rat-proof, rot-proof, rust¬

proof and inimical to barnacles and
other marine growths. It does not
require frequent and expensive
painting and is easily and cheaply
repaired.

Concrete ships can be built in
quantities more rapidly than steel,
Their cost is probably not more than

I two-thirds of steel, and may be very
much less. It is even less than that
of wooden ships. They will prob-
ably last thirty-five years, as

against twenty-five years for a steel
ship. As such a ship is practically
a monolith, it will not be as leaky
as a steel ship, and injuries will be
localized. As a concrete ship con¬
sists principally of cement, sand
and gravel, their chief building ma'

terial is usually available near by.
The reinforcing steel rods, meshes,
etc., do not draw on the kind of
steel required for steel ships. Such
wood as is needed will not interfere
with the progress of the wooden
ships. The workmen are simply the
same class of labor as is used in
building edifices of concrete. Very
little highly skilled labor is required.
Hence the concrete ship is practical¬
ly drawn from new sources of labor
and material. It can be built in
quantities without interfering with
the present wood and steel pro¬
grammes.

The yards for the building of
these two classes of boats are now
so numerous that to start any more
has the effect of delaying the others,
for there is a limit to the quantity
of labor and material for them. As¬
suming that we are now planning
for the uttermost limit of steel and
wood capacity, which is about the
fact, we have still in concrete ships
an entirely new and almost unlimited
shipbuilding capacity. The United
States has an immense cement pro-
ducing capacity, and, owing to the
suspension of building to a large ex-

tent during the war, all of the
cement needed for ships can be sup¬

plied without interfering with other
war business.

Machinery for 500
Is Already Assured

Taking it for granted that eon-

crete ships are successful, t»<

United States could, by starting i«
at once, probably build 500 of the»
within twelve months, and possibly
several hundred within the current
calendar year. Machinery for w
or 500 3,500-ton boats is assured. M
the average size were to be 5,W

i °u hetons, not so many ships cou.o p

equipped with power this year, hu
the total tonnage would be as great
By beginning now just as if "

were as sure of the concrete ship ai

we are of the steel ship we stand »
add several millions of tens to out

shipping resources this year, and J

next year we shall be in shape »

build them in such numbers that, »n

conjunction with the ten or twel?
million steel tonnage we may wP
realize, the submarine's great*
possible inroads would be a com¬

parative trifle.
Before we knew whether we jj§picked a winner or not, we mil"

invest many millions of dollar*
They might be lost. We mipht h»
to scrap half-built plants. But

^
we should pick n winner we *°?
have saved not only those half-*
utes that General Foch does »*

disdain to mention, but half * $*;
I .and, perhaps, the world.


